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aivERSITy pc In order to explain the significant modulation of the Jovian decametric radio emissions oy the satellite Io (Bigg, 1964 ) a number of electrodynamical interaction theories have been proposed.and are reviewed by Bozvin and Douglas (1976) and by Smith (1976) . In general the mechanisms convert rotational energy of Jupiter with respect to the satellite into electromagnetic energy emitted-from a small source region near the Jovian ionosphere. Io, for instance, may be involved in the conversion by accelerating a beam of particles, by creating a propagating magnetohydrodynamic disturbance or by sweeping up trapped energetic particles. Results of the various in situ measurements of Pioneer 10 and 11 (Science, 1974, ? 975) along with recent ground -based observations of intense Sodium-D optical emissions (Brown and Chaffee, 1974) and.of Europa-controlled decametric emissions (reviewed by Carr and Desch, 1976) allow definitive tests and refinements of these mechanisms to be made.
At the University of Iowa, a model has been developed in which the rotation of the Jovie .n magnetic field past Io sets up a potential difference of N 580 V. This homopolar mechanism was first suggested by Pid.dington and Drake (1968) . Plasma sheaths are assumed.
to exist at the top of the Io ionosphere through which electrons and ions can be accelerated to several hundred kilovolt energies. A beam of energetic electrons may transport the energy to the electromagnetic wave emission region.
This model was first suggested by Gurnett (1972) and has been developed by Shawhan et al. (1973a) , Shawhan et al. (1973b) , and Hubbard.et al. (1974) . The model was revised. and made more quantitative based on Pioneer 10 preliminary results as discuc:sed by Shawhan et al. (1975) .
In this paper recent results available from more rigorously analyzed Pioneer 10 data and-the preliminary results of Pioneer 11 are used to further revise this Io sheat._ model. The revised model is then used to suggest an explanation for a number of Earth-based and Pioneer 10 and 11 observations and.to suggest other phenomena which might be detectable with future experiments.
I. SHEATH ACCELERATION MODEL
A complete description of the sheath acceleration model which includes parameters derived from the Pioneer 10 preliminary results is given by Shawhan et al. (1975) . The basic assumptions and features include the following:
1. The rotation of the Jovian magnetic field past Io produces a motional potential acr. ,rs Io and its ionosphere which could.be as large as 580 kV. The potential is = vBDIo where v is the velocity of the magnetic field with respect to Io, 56 km sec -1 and B is the Jovian magnetic field at Io, 2 x 10 -6 webers m-2 , for a 4 gauss R13 dipole moment.
DIo is the effective diameter of Io which is taken to include the 750 km extent of the ionosphere (Kliore et al., 1974a, b) . dropped. across the ionospheres and is assumed to be dropped at plasma sheaths at the top of the Io ionosphere. Gurnett (1972) has derived an expression for the critical Jovian ionosphere conductivity (E -10 7o),.
The Pioneer 10 ionosphere and atmosphere results (Kliore et al., 1974) seem to yield sufficient conductivity. Shawhan et al. (1975) used the Pioneer 10 Io atmosphere and ionosphere results (Kliore et al., 1974a, b) to calculate a conductivity of 260 mhos (using the method of Webster et al., 1972) . If the neon ionosphere/atmsphere model of Whitten et al. (1975) is applicable, the neutral density of 4 x 109 cm-3 would make the Io conductivity marginal. 7. Since the inward accelerated electron flux is larger than the outward flux, the outward accelerated electrons would attain a maximum energy which is the larger fraction of the available 580 keV (Hubbard, et al., 1974) .
8. Since the sheaths separate two plasma regions with a strong current flowing between then, these sheaths are probably "double layers" as described by Block (1972) . From the work of Knorr and Goertz (1974) and of Goertz and Joyce (1974) a typical thickness for the double layer can be calculated.
For a number density of 2.5 x 103 cm-3 , a temperature of 400°K and a potential of 300 kV, the sheath thickness must be on the order of 1/4 km. This sheath size is comparable to a 300 keV electron gyroradius (-1 km) but smaller than a 300 keV ion gyroradius (-50 km) at Io. Important quantities deduced for the To sheath acceleration model are summarized in Table I .
?II. EVIDENCE FOR THE SHEATH ACCELERATION MODEL
Prior to the Pioneer 10 flyby of Jupiter, Shawhan et al. (1973b) had sugges-^ed that Io might be the dominant source of energetic electrons in the Jovian magnetosphere up to energies of 3 MeV.
This suggestion was made in light-of predicted extreme satellite sweep up effects of inward diffusing solar wind plasma ( e.g. Hess et al., 1973) . It is clear from the in situ particle measurements of Pioneer 10 and 11 (Science, 1974 and that satellite sweep up effects are not as severe as predicted, that characteristic electron energies extend to several tens of MeV and th"t ac^t_leration must occur over a wider region than that associated with Io. Simpson et al. (1974) points out that this Io sheath acceleration process is not a major source in the Jovian magnetosphere. Hox^ver, evidence from
Pioneer 10 and 11 suggests that this process may be important for particle acceleration in the vicinity of To and may provide the necessary source of energy to power the decametric radio emissions.
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The most convincing evidence for particle acceleration at Io comes from the Pioneer 10 and 11 results of the UCSD trapped radiation_ detector (Fillius and Mcllwain, 1974, and Fillius et al., 1975) Figure 2 ,from Frank et al., 1975) at -0640 ERT.
Electron detectors at E > 9 MeV showed no spike. The flux for a threshold of E > 460 keV showed less enhancement than did the E > 255 and E > 160 keV fluxes (Fillius and idcIlwain, 1974) .
Pioneer 11 passed within -6000 km of the Io flux tube (D2 Model) on the inbound pass. A jump in the electron flux for E > 460 keV of 4 x 108 electrons cm-2 sec -1 was observed (Fillius, et sl., 1975) . discussion is given by Shawhan et al. (1975) . (1975) seems to require such processes. However, a neon atmosphere proposed. by Whitten et al. (1975) does not.
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D. Jupiter-Associated X-Rays
Remote measurements have been made to detect Jovian x-rays using the UHURU (Hurley, 1975) and.Copernicus (Vesecky, 1975) satellites. Upper limits to the x-ray flux at the Earth in the energy range of 2 -6 keV are 5 x 10-4 cm-2 sec -1 and in the range 0.6 to 1.9 keV are 8 x 10 -3 cm-2 sec 1 respectively.
An order of magnitude estimate can be made from the Fillius et al., 1975) .
Tne model gives a total flux of 6 x 109 electrons cm -2 sec-1.
A model calculation using the predicted flux yields a maximum density of 104 electrons cm-3 at 200 km (for a radiative recombination coefficient of 6.6 x 10 -12 cm3 sec-1) which is 10% of the photoionized density.
Optical emissions associated with the probable atmospheric Assuming that the other losses rxe insignificant, the 105 ergs em -2 sec -1 energy flux,. could go into atmospheric heating.
Consequently, a hot spot or warm strip may exist associated with the foot of the Io field line.
V. SATELLITE MODULATION OF DECAMETRIC RADIO ENIISSIONS Direct energetic particle measurements by Fillius et al. (1975) jeem to substantiate the existence of energetic electrons with energies up -to N 500 keV in, or at least near to, the Io flux tube.
This observed flux of 4 x 108 electrons cm-2 sec -1 taken to be spread over a radius of 6000 km for 500 keV electrons would carry 3 x 109
watts of power as a lower limit. The model beam would.carry -1013
watts. Jovian decametric bursts have intensities of -108 watts (Warwick, 1967 and Gulkis, 1969) .
A perhaps analogous source of radio emissions comes from detailed. measureme:its of the Earth's auroral Kilometric radiation (e.g., Gurnett, 1974) . This noise is also very intense (-10 9 watts), is beamed into a code and shows close association with the "inverted-V" electron precipitation events in the auroral zone and with bright auroral arcs. The peak emission frequency ( N 300 kHz) scales approximately to the peak Jovian emission frequency (-9 MHz) as the magnetic fields in the assumed emission regions. Also the mapping of the Io flux tube into the distorted surface magnetic field by Acuna and Ness (1975) and Smith et al. (1975) indicates that the ionospheric field may reach a field value consistent with the 40 MHz upper frequency cutoff of the decametric emissions assuming that the decametric emission occurs near the electron gyrofrequency.
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In the case of the Earth the source of the "inverted-V" electrons may be a double layer in the 1.5 to 3 RE range (Block, 1972) . Shawhan et al. (1973a) Benson (1975) , Melrose (1975) and Falmadesseo et al. (1975) . Lower potential sheaths systems should.
form at Europa which may explain the Europa control near 1 MHz. 
